INTRODUCTION
Safe and humane transportation of livestock carries important public and trade concerns worldwide due to the negative consequences on economics, animal health and welfare, and food quality and safety (Harris, 2005) . Many organizations are therefore lobbying against live animal transport while others are developing regulations (e.g., EU regulations; CEC, 2005) and guidelines (e.g., World Organization for Animal Health; OIE, 2004) to improve transport practices. In agreement with this trend, the Canadian Food Inspection Agency has been considering since 2006 amending the section that deals with the transport of livestock under the Health of Animals Regulations ) to refl ect changes that have occurred since the regulation was fi rst introduced 30 yr ago. However, the cattle industry voiced concern about potential changes and requested sciencebased information to support if any changes proposed were necessary, as well as the potential impacts for both animal welfare and the industry.
Regulations should be based on research conducted under the conditions of the country where they will apply (European Parliament, 2004; Doonan and Appelt, 2008) . Science-based information on commercial transport practices is highly valuable to the industry, legislators and the public to address concerns, and to understand 'norms' and 'extremes'. It can also help to assess whether differences exist between industry practices, regulations, and recommendations (e.g., 'voluntary' Code of Practice; CARC, 2001 ). Finally, a bench marking study is the fi rst step to assess the consequences of current industry practices on animal welfare and to identify areas where further research may be required.
The objective of the present study was to document the current status of cattle transport outlining norms and extremes, and focusing on those transport conditions with greater impact on animal welfare. This is a descriptive study and does not address the impact of commercial transport on welfare outcomes.
MATERIALS AND METHODS
Information was collected during commercial transport of cattle and therefore, care, and handling of animals during transportation was not supervised or controlled by the research team.
Description of the Survey
Field surveys were designed to collect data regarding the characteristics of cattle transport during long hauls departing from, and arriving to the province of Alberta (AB), Canada. A subcommittee was formed to develop the survey which included beef producer associations, government agencies (e.g., Canadian Food Inspection Agency and Alberta Farm Animal Care), managers, owners and truck drivers of commercial cattle transport companies, and owners of auction markets operating in AB to refl ect all important factors that needed to be considered. A pre-trial test was carried out over a 54-d period by delivering a draft survey to truck drivers at a large local auction market to detect ambiguities and biases, assess the fi tness and accuracy of the survey to assess the desired information, and then modify it as required. After the design of the survey was fi nalized, a meeting was organized for each transport company participating in the survey and all truck drivers and managers were required to attend so the research team could provide a description of the survey and training, and allow for questions. In addition, phone numbers and emails of the research team were provided to the participating companies, printed on the survey and posted on the webpage of Alberta Beef Producers (http://www.albertabeef.org/) so survey related questions could be addressed by the research team. The surveys were then distributed to 19 trucking companies and 4 large feedlots owning a fl eet of cattle transport units operating in AB and managers were asked to mail the completed surveys to the Lethbridge Research Centre on a twice per month basis. The 19 companies contacted represent over 80% of the companies operating in the province with the exception of a few small independent companies having only 1 transport vehicle. The research team also visited the main offi ce of the company to collect completed surveys (often weekly) and offer support to drivers and managers but did not directly intervene during the process of fi lling out any survey by the truck drivers. Upon receiving or collecting the surveys between June 1, 2007, to December 1, 2008, data were checked for clarity and accuracy, clarifi cation sought, and surveys discarded if the distance loaded was shorter than 400 km, the calligraphy avoided ascertaining what drivers intended the state, more than 75 % of the survey was incomplete, or animal species other than cattle were transported. Surveys were completed by truck drivers during and at the end of journeys with cattle transported for distances equal to or longer than 400 km between the place of origin where cattle were loaded and the place of fi nal destination where cattle were unloaded from the trailer and not reloaded. It is important to note that the identity of the driver was not requested and therefore not known by the research team to ensure the confi dentiality of the drivers completing the surveys.
Parts of the survey were designed to build in redundant information to ensure that the numbers were the same in both locations after cross-referencing. Surveys consisted of a set of questions separated into fi ve sections designed to gather specifi c information about cattle, driver and equipment, cattle loading, conditions during transport, and unloading ( Figure 1 ). The fi rst section requested documentation (by trailer load) of the characteristics of animals being transported (number, breed, average BW, and type or category), origin, and destination of the animals in terms of both type of enterprise and nearest town.
The second section was designed to gather information about the driver and equipment used. Driver experience, ownership of the tractor-trailer unit, fl oor condition before loading, and use of bedding and winter boards were requested (Figure 1 ). Winter boards are solid panels placed in the walls of the trailers to cover the holes and reduce cold air entering into the compartments during cold weather. The identifi cation number, year, make, number of axles, and confi guration of trailers and tractors were requested but driver and vehicle license plates were not identifi ed. Vehicles are composed by the tractor (auto traction unit consisting of the cab, engine, drive-train, and frame) and the trailer (unpowered ve-hicle having rear axles only which is pulled by the tractor). Trailers were classifi ed according to the number of axles: tandem (2 axles), tri-axle (3 axles), and quad-axle (4 axles) which dictates the size of the compartments and the maximum allowable weight load (González et al., 2012a) . Tractors were also classifi ed according to the number of axles: tandem (2 axles), tri-drive (3 axles permanently down or in use), or push (3 axles with 1 of them placed down when in use or up when not in use, respectively). Regulations about road transport within the United States allow the use of 4 axles in quad-axle trailers and 3 axles in push-tractors. However, the Canadian Department of Transport Regulations allows the use of up to 3 axles in the trailer and 2 axles in the tractor. Drivers do typically engage the extra axle after border crossing from Canada to the United States. Changes in the number of axles are usually accompanied by a redistribution of animals among compartments to comply with regulations on axle weight loads. Thus, the number of animals in each compartment was requested for both countries because the distribution of weight changes when additional axles are engaged. Each trailer and tractor was assigned a unique identifi cation number which served as a link between equipment information collected in a separate survey from participating companies.
This separate survey collected the dimensions of each compartment of the trailers (used later to calculate the area) and the measure of the location of each gate in the compartments. Trailers with standard confi guration have 5 main compartments: nose, deck, belly, doghouse, and backend (Figure 1 ). Nose decking can also be used to split the compartment into 2 levels and the back door is 0.91-m wide. A trailer with 'fat wagon' confi guration has no doghouse and the deck extends and merges with the nose (3 compartments per trailer only) and there are 2 doors at the backend being 2.54 m-wide. Straight liner trailers are not divided in compartments although a deck can be used to split the rectangular trailer in 2 levels.
Section 3 of the survey was designed to gather information about the confi guration of the tractor and trailer after loading the animals. All 3 types of trailers have gates to create partitions within compartments to allow separation of animals in different groups (e.g., bulls from cows; animals from different owners) and regulate space allowance (e.g., to avoid excessive displacement of animals). Drivers were asked to draw gates and decks, and state the number of animals per compartment while travelling through both Canada and the United States. Start and end times of loading the cattle, as well as the Figure 1 . Example of the survey designed to collect information regarding long distance transport of cattle in North America, and the respective calculations carried out.
time of departure of the vehicle from the place of loading were also recorded by the drivers.
Section 4 of the survey was designed to gather information about weather condition at loading and during transport. In addition, information was collected about ambient temperature, and the time animals were last watered and fed before loading. The trucks are typically equipped with 1 or 2 temperature sensors usually located on the side mirrors of the cabin or in the bumper of the truck, which are connected to temperature gauges installed within the cabin. Truck drivers were asked to record the minimum and maximum temperatures observed within a journey according to the reading of these sensors, as well as at the time of loading and unloading of animals. The length of any delays during transport were requested (i.e., the period of time a vehicle was stationary with livestock on the trailer) as well as the reason for any delay. The date and time when animals were unloaded to rest, and whether animals received feed or water, or both, during this time was also included in this section.
The fi nal section of the survey was designed to gather information about unloading including date and time of arrival at fi nal destination, start and end of unloading of the animals, and temperature and weather conditions upon unloading. Information was also requested about the general condition of cattle (good, fair, and poor), the incidence of lame or compromised animals at the time of both loading and unloading, and the number of dead and non-ambulatory (downer) at unloading, as well as the compartments they were in. Non-ambulatory animals are defi ned as animals unable to stand up and walk off the trailer without assistance. The Humane Handling of Beef Cattle guidelines (AFAC, 2005) was also distributed to drivers during the pre-trial training sessions and made available through the transport company to aid in understanding. Drivers were also asked to record the reason and number of declined (not accepted at fi nal destination) animals at fi nal destination. The scale weight of the animals before and after transport was also requested as this is a common industry practice. These BW were obtained from ground scales at the feedlot, farm or auction market before loading animals onto, or unloading them from the trailer. Alternately, scale weight was determined by obtaining the difference between the weight of the loaded truck unit (animals present) minus the tare weight of the empty truck unit before loading or after unloading the animals. Finally, drivers were asked to fi ll in the distance loaded and total transport time.
Data Processing and Calculations
Space allowance (m 2 /animal) was the area of each compartment divided by the number of animals in that compartment, which was then used to calculate the allometric coeffi cient (k = space allowance/BW 2/3 ) as suggested by Petherick and Phillips (2009) . Also, the percentage of deviation from recommended space allowance in the Canadian Codes of Practice (CARC, 2001) for animals with BW of those being transported was calculated (González et al., 2012a) .
The year was divided into 4 seasons to analyze differences with spring being from March 21 to June 21, summer from June 22 to September 21, fall from September 22 to December 21, and winter from December 22 to March 20.
Data concerning some variables and all related calculations were deleted in the following instances: the sum of total animals within the trailer obtained as the sum of the number of animals in the nose, deck, belly, back, and doghouse did not equal the total number of animals stated by truck drivers in the fi rst page of the survey; a negative value was obtained from calculation of waiting to unload, loading and unloading duration, departure wait, time in truck, or time on road, and shrinkage; scale weight before transport was <4,545 kg; and scale weight after transport was greater than the scale weight before transport. These values were deleted and considered outliers due to obvious errors.
Cattle were classifi ed into 5 categories according to BW, origin, and destination (e.g., farm or feed yard) regardless of statement by drivers in the fi rst page of survey. This classifi cation was used for all analyses testing differences among cattle categories. The cutoff point for BW (to separate animals in different categories) was obtained using a statistical method to split a data set of mixed populations into individual populations. This was done through the frequency distribution of the BW using the R statistical program (R Development Core Team ; http://www.r-project.org/). Animals were considered 'fat' cattle when loaded at feed yards and unloaded at slaughterhouses. Animals were considered 'feeders' if loaded at feed yard or auction market, and their BW was between 275 and 500 kg. Animals were considered 'calves' if they were transported to farms, auction market or feed yard, and weighed less than 275 kg. 'Cull' cattle were defi ned as cows and bulls going from auction market or farm to feed yard or slaughter. Animals defi ned as 'breeding' cattle were going from farm or auction to a farm or ranch. Animals were also categorized by sex into males and females whereas a new category (Unknown) was created to pool those hauls consisting of either both sexes mixed within the trailer or unknown sex due to truck drivers not stating the sex of the animals transported.
Statistical Analysis
Descriptive statistics were obtained using the MEANS procedure (SAS Inst. Inc., Cary, NC) for average, minimum, maximum, and standard deviation of parametric data. Descriptive statistics for discrete and categorical data were obtained using the FREQ procedure, which was also used to determine associations among factors with χ 2 tests. Mixed-effects regression models were constructed in the MIXED procedure using fi xed categorical effects (e.g., tractor axles, trailer axles, cattle category, sex) and all possible interactions. Random effects considered were vehicle number within company and company. Means were calculated through least square method and multiple comparisons adjusted by the Bonferroni's test. All data were checked for outliers (eliminated if necessary) and normality of the residuals.
RESULTS AND DISCUSSION

Sample Size of Trucking Companies, Vehicles and Animals
A total of 71 surveys were discarded from the data set because either multiple locations of cattle loading and unloading within the same journey or different cattle categories were loaded in the trailer or within the same compartment (e.g., cows, bulls and calves were mixed). This would have led to confusion when analyzing and interpreting the results on a 'load' or 'survey' basis. In the present study, 27 journeys had cattle of different size or conditions within the same compartment such as cows with bulls and cows with calves or feeders. In addition, 4 out of 1,472 (0.27%) animals were lame at loading in those mixed loads. A total of 6,880 remaining surveys were considered for analysis and 327 tractortrailer units. Out of all surveys, 657 were not used in the analysis due to missing or inaccurate data resulting in a fi nal data set of 6,152 surveys which relocated 290,866 animals. However, some surveys did not state the number of animals loaded and therefore all animals might not have been accounted for. The response rate was approximately 45% as 15,000 surveys were distributed.
Sixteen companies participated in the study (12 from southern AB). Two large feedlots having their own fl eet of commercial livestock vehicles contributed 40.5% and 2 large commercial livestock hauling companies contributed with another 40.8% of all surveys (each with a fl eet of more than 20 vehicles). In 0.4% of the surveys the company could not be identifi ed. There was 1 large transport company that contributed only 2% of all surveys indicating not only fl eet size but also willingness of companies and managers to participate affected driver participation in the survey. A total of 87.7% of surveys were completed by commercial transport companies while 2.7% belonged to producers and the remaining 9.6% had unknown ownership (data not shown).
In terms of driver experience hauling cattle, a large proportion of hauls were done by drivers with either limited or extensive experience: 31.4% with <2 yr, 16.0% with 3 to 5, 17.3% with 6 to 10, and 35.3% with >10 yr (data not shown). However, the policy of most companies that participated in the present survey is that all drivers must attend a training course about livestock transport regardless of their experience (Certifi ed Livestock Transport training program; Schwartzkopf-Genswein et al., 2008) . This is in compliance with the recommendations made in the Canadian Codes of Practice (CARC, 2001 ).
Cattle Characteristics
Fat cattle represented the greatest proportion of all journeys (82.2%) and of all cattle transported (72.9%; Table 1 ), which were transported from feedyards to slaughterhouses (data not shown). The second most frequent cattle category was feeders (Table 1) mostly transported from feedyards (14.4% of all cattle), but also from auction markets and ranches, to other feedyards which received 23.6% of all cattle (data not shown). Therefore, these data heavily refl ect the backgrounding and fattening feedlot industry in southern AB and do not represent the provincial herd which was composed of 21% slaughter cattle and 36% calves younger than 1 yr of age (Statistics Canada, 2009 ). Only 2% of fat cattle were pooled in the Unknown sex category with the remaining being approximately one-half female and one-half males. In contrast, the Unknown sex category was more frequent in feeders and calves (between 24.6 and 49.3%; Table 1 ). Thus, mixing sexes within a trailer seems more common for these young cattle categories during com- Table 1 . Percentage of journeys (n = 6,101) and cattle (n = 290,866), and average BW, for each cattle category type and sex during long haul transport (>400 km) departing from, or arriving to Alberta, Canada x, y Within a row, BW among sexes differ (P < 0.05). mercial transport. As expected, males were heavier than females in fat, feeder and cull cattle (P < 0.001) but both sexes had similar BW in calves (P > 0.10; Table 1 ). Such differences are likely due to the effect of anabolic hormones and heavier optimum market weight in males.
The majority of all loads were composed of mixed breed cattle (96.20% of all journeys) while there were smaller proportions of Holstein (0.72%), Angus (0.13%), Hereford (0.05%), Simmental (0.05%), Bison (0.05%), Limousin (0.02%), Charolais (0.02%), and unknown breed (2.73%; data not shown). These data refl ect the common practice of purchasing groups of mixed bred cattle from multiple origins for feedlot production. Holsteins may also be considered as part of the feedlot industry because the greatest proportion of Holsteins were loaded or unloaded at feedlots (21% calves, 43% feeders, 27% fats, 7% cull, and 2% breeding cattle).
Origin and Destination of Cattle
The largest percentage of journeys went across the Canada-United States border (89.0%) whereas only 8.9% traveled within or between Canadian provinces particularly imports into AB (data not shown). These values are similar to exports records from AB which indicate that 76% of all live cattle exported during 2008 (616,400) went to the United States; however the 24% remaining were interprovincial exports (Statistics Canada, 2009) . From all loads crossing the Canadian border, 80.8% of all loaded cattle at slaughter plants (52.7% went from AB to the state of Washington, 23.0% to Utah, 18.0% to Colorado, 5.7% to Nebraska and the remainder distributed to other states within the United States). Only 9.3% of all loads crossing the border unloaded cattle at feed yards in the United States (43.4% in Washington, 36.7% in Idaho, 15.0% in Colorado, and the remainder in other states; data not shown). Alberta received over 40% of all journeys that transported feeder cattle but did not receive many slaughter cattle from long distances (>400 km). It is noteworthy that these data may contain some bias with regards to industry representation as hauls are normally contracted close to location of loading which might not have been captured by the present survey. This is refl ected through the geographic origin in the present study as 93.5% of all journeys departed from AB, 2.41% from Saskatchewan, 2.19% from British Columbia, 0.15% from Manitoba, 0.02% from Wyoming (data not shown). These results agree with Canadian statistics which reported that only 0.04% of live cattle entering AB came from the United States (Statistics Canada 2009).
Description of Vehicles
Although there are several different models of trailers in the market, all trailers reported in the present study were 16.2 m-long commercial trailers. The study was not designed to collect information on producer transports of cattle in stock trailers. In terms of the confi guration of the trailers, only 0.7% of all journeys were done by 'fat wagons' with the remaining having standard confi guration. The most frequent tractors used in the present study were push-axles (58.3% of all journeys) followed by tandem-axle (41.6%). In contrast, tri-axle drive tractors were reported only twice (data not shown). Tandem trailers (or straight liners) were also registered only twice to transport veal Holstein calves to California. Journeys were done most frequently by quad-axles (71.3%) compared with tri-axles trailers (28.7% of all journeys). Several combinations of tractor-trailer units were used, although approximately one-half of all journeys were made by push-axle tractors pulling quad-axle trailers (χ 2 ; P < 0.001) because greater number of axles allow more weight to be loaded while complying with road transport regulations (P < 0.001; data not shown). More than half of all journeys (52.1%) were made by trailers licensed in 2007 and 92% of them were quad-axle trailers (data not shown), indicating that companies are using new equipment with a trend towards more quad-axle trailers. A detailed description of vehicles used, loaded weight and space allowances are reported by González et al. (2012a) .
Trailer Condition upon Loading of Cattle
The fl oor condition of trailers upon loading cattle was 'good' in 93.6% of the journeys, 'poor' in 0.5%, and not stated in the remaining 5.9% (data not shown) however, this answer might have been somewhat subjective for the drivers. Bedding was used in 22.7% of all journeys, not used in 73.3%, and not declared in the remaining. However, bedding was used in as many as 97.5% of the journeys by companies that provide it free of charge whereas it was not used at all in companies where truck drivers had to pay (data not shown). There was a signifi cant association between the type of cattle being hauled and the use of bedding (χ 2 ; P < 0.001) as it was used less frequently in fat (20.2%) and cull (41.9%) cattle compared with feeders (56.3%), calves (67.4%) and breeding cattle (75.0%). Therefore, the use of bedding depended on the policy of the company, the perceived requirement or fragility (e.g., calves), and fi nally the value (e.g., breeding cattle) of the cattle category being transported. The Codes recommend distributing abundant bedding when the temperature during transport goes below 10ºC to provide insulation from the cold (CARC, 2001) . Bedding was more frequently used in spring (32.7% of all hauls), winter (28.8%), and fall (25.1%) and least frequently in summer (17.6%). However, bedding for calves was used more frequently during winter (89%) and fall (72%) compared with spring (20%) and summer (42%), and in feeders during winter (73%) and spring (74%) compared with fall (48%) and summer (44% of loads). In fat cattle, bedding usage ranged between 14 and 20% across all seasons and in cull cattle ranged between 29 and 53% (data not shown). Only 0.63% of all journeys used winter boards indicating this was not a common industry practice during cattle transport of the present study. The reason for this is unknown because even the Code recommends covering the openings of the vehicles in cold weather while allowing some air circulation (CARC, 2001) . A possible hypothesis is that cattle are considered to be more resistant to low temperatures because they develop heavy coats as a result of outdoor housing. In addition, a perception exists that such animals create too much heat and 'sweat' within the trailers if winter boards are used. This is then associated with greater incidence of health problems when 'wet animals' are unloaded and placed in outdoor pens at low temperatures. More research in this area is needed as these are only hypothesis. However, our fi ndings are in contrast to those reported by Warren et al. (2010) for cattle arriving to a slaughterhouse in Ontario. These authors reported that as many as 30% of the hauls were estimated to have more than 75% of the surface of the trailer blocked to air movement in winter because of both winter boards use or trailer design (even trailers designed for feed transport were used to haul cattle in their survey which were considered as fully covered). In addition, they reported that 4.7% of the loads had 'sweaty' cattle being unloaded.
Temperature, Weather, and Road Conditions
Throughout the present study, a total of 35.6% of all journeys occurred in the summer, 37.6% in fall, 17.3% in winter, and 9.5% in spring. The greatest percentage of hauls occurred in October (16.7%) and the least in May (1.9%; data not shown). Also, feeders and calves were transported more frequently in fall whereas fat cattle in summer as reported elsewhere (González et al., 2012b) . The lowest temperature reported for all journeys was −42°C and the highest maximum absolute value was 45°C (Table 2) . However, only 21.5% of all journeys experienced maximum temperatures equal to or greater than 30°C and 1.3% equal to or greater than 40°C (Figure 2A ). These high temperatures were reported during journeys traveling south during summer months. Temperature range within a journey indicated that animals could experience as much as a 46°C of difference in temperature (Table 2 ). This is a consequence of the diverse environments from the north to the south, however, temperature ranges greater than 30°C occurred in only 2% of all journeys ( Figure 2B ). In addition, average temperature of the journey during the coldest month (January) was −5.2°C and 23°C during the hottest (July), with August and September showing the greatest temperature ranges (17.4 and 17.7ºC, respectively) and November the least being 12.3ºC (data not shown).
The most frequent weather condition reported was clear (>70% of all journeys), followed by cloudy and windy for all 3 sections of the journey requested (i.e., at loading, during transport, and at unloading; Table 3 ). In addition, most journeys experienced several different weather conditions within a single haul (Table 3 ) as a result of the different environments and landscapes they traveled through. The Codes state that livestock must be protected during transit from severe weather conditions. However, no specifi c thresholds are given which makes this recommendation diffi cult to put into practice. The present data may provide a framework for evaluating the effect of potential thresholds considered. The conditions of the roads during transport were predominantly good (73.4% of journeys), fair (6.2%), poor (1.6%), and unknown (not responded, 16.0%). Therefore, road conditions did not seem to be a problem during long haul transport of cattle in the present study.
Delays Experienced during Transport
The percentage of journeys that experienced delays (i.e., longer than 0 h) and the length for each type of delay is shown in Table 4 . Delays due to requirements at the Canada-United States border were the most frequent (77.1%), followed by waiting to unload cattle at destination and driver rest stops. Interestingly, feeder cattle experienced the longest delays within the journey and total transport duration compared with the other cattle catego- ries (González et al., 2012b) . This was a consequence of longer border delays due to the extra paperwork and health inspections by the US veterinary services which requires unloading of all animals not going directly to slaughter unlike fat or cull slaughter cattle. Driver rest stop delays were the longest of the 3 most frequent delays, followed by border delays (Table 4) . Almost one-half of the drivers reported delays associated with unloading (48.8%; Table 4 ) but only 3.5% of the journeys were delayed for more than 6 h (data not shown). Unloading delay length calculated through arrival time at destination was shorter than that stated by drivers (Table 4) probably because the former included short delays that were not even stated by drivers as a delay. Finally, 40.4% of all journeys accumulated 2 types of delays within the same journey (e.g., both border and unloading delays) and 17.6% accumulated 3 types of delays simultaneously (data not shown). Time spent waiting to unload cattle during the present study is longer than that reported in small surveys carried out in France and Spain. For instance, Mounier et al. (2006) reported a mean of 15 min with maximum of 77 min waiting to unload animals at slaughter plants (n = 61) whereas Villarroel et al. (2001) reported a mean waiting time of 10 min. The longer driver rest stop were the result of allocation of sleeping time during the journey but drivers notes on the surveys also stated that Customs were closed at the time of arrival to the border. This forced drivers to wait until Customs reopened the next morning; however, drivers might have considered these delays as rest stop, border, or other type of delay. The allocation of more than 1 driver per vehicle to cover long journeys might help to reduce rest stop delays while complying with the regulated maximum on-duty time (14 h/d in AB). However, this would have a great impact on the cost of transport.
According to the International Animal Transportation Association (AATA, 2009) and the Canadian Code of Practice (CARC, 2001) , the quickest and most effi cient routes should be used during live animal transport, giving high priority and extending in-transit privileges consistent with other border policies (e.g., health and security). Continued discussions between Canada and the United States border authorities to facilitate import/export protocols and veterinary inspections of live cattle would help to improve animal welfare and reduce losses associated with transport. The COOL (Country of Origin Labeling) regulation was enforced by the United States on October 1, 2008, to label the origin and traceability of all foreign products including live cattle. This requires extra paperwork and inspection by enforcement bodies that may increase the time required to unload fat cattle at packing plants or cross the border for feeders. This analysis demonstrated that mean unloading delay length increased by almost 3-fold after COOL was implemented. Values were 0.6 ± 0.02 and 1.8 ± 0.08 h before and after the implementation of COOL, respectively (P < 0.0001; data not shown). However, there were only 197 surveys transporting fat cattle that supplied this information after the implementation of COOL. Feeders have also experienced longer delays at the border due to the veterinary inspections (González et al., 2012a) .
Departure delays were experienced by 47.6% of all journeys but were short in duration (30 min; Table 4 ). Delays due to mechanical breakdown, and adverse weather and traffi c conditions did not seem to represent a problem as they lasted for short periods of time and occurred with low frequency (< 4% of the total hauls; Table 4 ). Other types of delays were made by drivers to monitor cattle during the journey, food inspection agency, and handling of non-ambulatory cattle, among others (data not shown). The total length of all delays ranged between 0 and 20 h (Table 4 ) and a relatively large proportion of journeys (10.3%) experienced total delays ≥8 h ( Figure 3A ).
Loading and Unloading Durations, Time on Truck, and Transport Distance
Animals spent 30 min on average and up to 10 h without feed and water before the start of loading (Table 5) however only 26% of all surveys provided this information. Of those providing a response, 41.5% indicated animals were on feed and water up until loading which seems to be a common practice in the feedlot industry whereas cattle in 21.7% of all hauls spent over 30 min without feed and water before loading (data not shown). However, the transport industry showed compliance with the Regulations which state that "no one shall transport or cause to be transported an animal that has not been fed and watered within 5 h before being loaded, if the expected duration of the confi nement of the animal is longer than 24 h from the time of loading". In only 4 occasions during the present survey, animals were known to be without feed and water before loading for more than 5 h but none of these journeys were longer than 24 h.
The length of time taken to load and unload cattle was 20 and 30 min on average, and maximum of 5 and 3 h, respectively (Table 5 ). Mean loading duration was similar to the 17 min reported by Villarroel et al. (2001) and unloading duration similar to the 25 min reported by Warren et al. (2010) in Ontario, Canada. However, unloading duration was longer in the present study compared with the 8 min required to unload cattle in Europe (Villarroel et al., 2001 ). These differences are likely due to the fact that European trucks carry fewer animals per trailer (16 to 31 fat animals per trailer; Mounier et al., 2006; Mach et al., 2008) compared with North American style trailers (~47 fat cattle; González et al., 2012a) thereby reducing loading and unloading durations. However, other logistical and management differences exist among slaughter plants in North America and Europe. Cattle rest stops were approximately 30 min on average (maximum of 3 h) and occurred with very low frequency in the present study (Table 5) . Only 1 survey (0.02%) reported that animals received feed, in another one animals received both feed and water (0.02%), and in 3 (0.05%) that animals received water during the cattle rest stop (data not shown). Nevertheless, some drivers appeared to be confused when fi lling this part of the survey as they might have considered the unloading of animals at the border for veterinary inspection (particularly feeders) as a cattle rest stop. Although unloading for veterinary inspection at the US border falls under US regulations, the Canadian Regulations state that all cattle unloaded during a journey shall be rested in a pen for at least 5 h and provided with feed and water before re-loading (Canada Minister of Justice, 1990) . To the best knowledge of the authors, there is only 1 cattle resting post (Cheyenne, south Wyoming; USDA, 1997) between the reported places of origin or destination. However, this location is too close to the places of fi nal destination (Nebraska and Colorado) and the stress of unloading the animals would be greater than transporting them for a few more hours (Trunkfi eld and Broom, 1990) . This scenario helps to explain the lack of compliant cattle rest stops reported in the study. Warren et al. (2010) reported that 0.95% of the loads assessed in their survey stopped at a cattle rest station for an average of 12 h which were originated in Western Canada.
The average length of time cattle spent on the trailers was close to 16 h with an extreme of over 45 h (Table 5) . However, only 4.7% of the hauls held animals for over 30 h on truck ( Figure 3B ). These results indicate that all journeys complied with the Regulations with transport time shorter than 48 h, or 52 h if animals are going to slaughter. Warren et al. (2010) reported mean transport duration of 4.6 ± 0.5 h for steers and heifers arriving at a federally inspected slaughterhouse in Ontario with 85.7% of those loads being shorter than 8 h and approximately 1% longer than 30 h. Mean transport durations in our study were approximately 4 times longer than those reported by Warren et al. (2010) . This difference is largely due to the fact that the present study was predominated by long hauls transporting fat feedlot cattle exported and slaughtered in the United States which is an important market for the Alberta, Canada beef industry. Total transport time stated by drivers in the surveys was 3.2-h shorter than our calculations (Table 5 ) because drivers may not have considered time waiting to depart and to unload in their estimations. The overall average transport distance was 1,081 km with a maximum of 2,560 km (Table 5) . However, the frequency distribution of transport distances shows 3 distinct peaks refl ecting the main destinations of slaughter cattle to packing plants and feeder cattle to feed yards in the United States ( Figure 3C ). Therefore, hauls going from Alberta, Canada, to Washington were 900 km, to Utah and Idaho were 1,200 km, and to Nebraska were 1,500 km (data not shown). The 2007 US National Cow and Bull Beef Quality Audit reported shorter durations and distances compared with the present survey which surveyed only long hauls (≥400 km). The audit reported an average transport time of 9 h and a distance of 761 km (NMCB-BQA, 2007) . The audit also reported that only 1% out of approximately 145 loads surveyed experienced transport durations above 28 h. Surveys of transport carried out within France and Spain reported much shorter transport times and distances (Mounier et al., 2006; Mach et al., 2008) whereas international transport (1,500 km) of slaughter cattle required 24 h (Villarroel et al., 2001) . Transport times in Europe are shorter because of shorter distances but also because of the lack of border requirements. The average space allowance seems appropriate as measured by the allometric coeffi cient (Table 5 ) as values around 0.02 are recommended (González et al., 2012c) . However, the coeffi cient ranged from 0.011 to 0.157 and these extremes values may affect animal welfare. Animals were transported with 21.8% more space than recommended by CARC (2001); however, cattle were transported with extremes of 40.7% less to 694.6% more space than recommended (Table 5) . It is important to point out that space allowances under commercial practice is greatly affected by several complex factors such as compartment of the trailer, cattle category, and type of vehicle which is further discussed by González et al.( 2012a) .
Cattle Condition, Mortality, and Compromised and Declined animals
Shrinkage showed a large variability and extreme value of 21.8% of BW lost during transport (Table 5 ) and this issue is further analyzed and discussed by González et al. (2012b) . The implications of shrinkage and space allowance on animal welfare outcomes are presented elsewhere (González et al., 2012c) . Truck drivers indicated cattle condition to be good (98.66% of journeys), fair (1.28%), and poor (0.05%) at the time of loading. However, the proportion of journeys with 'fair' cattle condition increased 2.7-fold and those with poor condition 4.2-fold upon unloading (96.3, 3.49, and 0.21% of all hauls were considered in good, fair, and poor condition, respectively). This indicates that truck drivers perceived that cattle condition declined as a result of the journey. The incidence of lame or compromised animals upon loading was 0.005%, becoming lame during transport was 0.011%, non-ambulatory 0.022%, and dead 0.011% for a total incidence of 0.049% of all transported animals. It should be noted that the present study did not obtain information regarding the degree or cause of lame or compromised animals. Warren et al. (2010) reported similar values upon assessing the condition of slaughter steers and heifers (fat cattle) unloaded at a federally inspected packing plant in Ontario for dead cattle at 0.008% but fewer non-ambulatory cattle (0.002%) and more lame animals (0.158%) compared with our study. However, comparisons are diffi cult because transport times were shorter (average of 4.6 h in predominantly intra-provincial transport) and there was large variation in the type of vehicles used and animal management in Warren et al. (2010) . A 9-yr study carried out in cooperation with the State Veterinary Administration of the Czech Republic reported greater mortality rates (0.020%) during transportation of over 3.5 million cattle to slaughter compared with our study (Malena et al., 2007) . This study indicated that transit time had an impact on the mortality status of slaughter cattle. However, journeys of the cited study were shorter but a very large proportion of the cattle transported were cull dairy cows (37% of all transported cattle). Part XII of the Canadian Health of Animals Regulations clearly states animal conditions unacceptable for transport. However, the fi nal decision of whether or not an animal is fi t for transport ultimately lies with the truck driver who has full authority to accept or decline the transport of any animal based on the details outlined in the Regulations. Specifi c recommendations and description of unfi t animals may be found at the CFIA website (CFIA, 2009 ). The present study did not obtain suffi cient information to assess the likelihood of suffering or management of casualties such as degree of lameness, and fate of downers and dead animals. Further discussion about lame, downers, and dead animals is presented in González et al. (2012c) . Table 5 . Descriptive statistics of the length of time without feed and water before loading, time taken to load cattle at origin and unload at destination, length of rest periods within the journey, and time animals spent on truck and shrink experienced by cattle during long haul (>400 km) transport from or to Alberta, Canada Only 2 loads were declined in the present study. A shipment of 41 fat Holstein steers was declined at the packing plant after a 9.5-h journey. Apparently, the cattle were too tall (height) to be killed because carcasses would have touched the ground while hanging from the abattoirs' chains (BW = 692 kg). These animals were unloaded at a nearby feed yard and provided with water where their fate awaited the decision of the buyer. Another load of 68 feeder cattle was declined at the border because their brands were not readable at the time of border inspection. In addition, 3 downer animals were known to be declined at the slaughter plant as the downer cattle regulation was not in place at that time (data not shown).
The present survey provided relevant information concerning current transport practices of the cattle industry in southern Alberta, Canada. Such baseline information can be used to determine the impact of commercial practices on animal production and welfare, to develop policies and planning, and to identify areas where further research may be needed. In addition, this information can be used to assess the likely impact on the industry and practical feasibility of changes in the regulations and recommendations. However, results from the present study may not be applicable to other sectors (e.g., dairy) or regions because transport conditions may differ markedly from those of the live export feedlot industry which predominated in this study. All practices registered seemed to comply with Canadian Regulations and, in general, also followed the recommended Canadian Code of Practice.
